In the present work, a novel, simple, and efficient method for the determination of silver in natural water samples was developed. The method is based on the extraction of silver with coacervate made up of decanoic acid reverse micelles and the subsequent determination by flame atomic absorption spectrometry (FAAS). Dithizone was used as a chelating agent. To obtain the best extraction results, some experimental parameters (such as coacervate composition, pH, concentration of chelating agent, and ionic strength) affecting the extraction efficiency were investigated and optimized. Under optimum conditions, the calibration curve was linear in the concentration range of 5-200 µg L -1 , with the correlation coefficient (r) equal to 0.995. The limit of detection and the enrichment factor were 1.6 µg L -1 and 15, respectively. The method was successfully applied to the analysis of silver in natural water samples.
Introduction
The widespread use of silver compounds and silvercontaining procedures in industry, medicine, jewelry, cloud seeding, and in the disinfection of drinking water has resulted in an increasing silver content in environmental samples. 1 However, despite the positive contributions of silver, primarily in medicine and technology, high concentrations of silver or long-time exposure to silver can cause serious health problems in living organisms. 2 Silver is considered to be toxic to humans and the recommendations of the World Health Organization (WHO) permit maximum concentrations of 0.1 mg L -1 of silver ions in drinking water disinfection, but the United States Environmental Protection Agency (USEPA) recommends 0.05 mg L -1 as the maximum. 3 Thus, the determination of low concentrations of silver ions is of increasing interest. 4, 5 Several atomic spectrometric techniques such as flame and electrothermal atomic absorption spectrometry (FAAS and ETAAS), [6] [7] [8] [9] inductively coupled plasma optical emission spectrometry (ICP OES), 10 and inductively coupled plasma mass spectrometry (ICP-MS) [11] [12] [13] [14] have been proposed for the determination of silver in different environmental samples. Although the development of modern analytical instruments provides a great enhancement in analysis, in many cases the available analytical instrumentation does not demonstrate enough sensitivity for the analysis of natural samples. 15 Nevertheless, the detection of metal trace elements in aqueous samples is difficult due to various factors, particularly their low concentration and the matrix effects. 16 Several methods have been reported for the separation and preconcentration of metal ions, such as coprecipitation, 17, 18 liquid-liquid extraction (LLE), 19, 20 solid-phase extraction (SPE), [21] [22] [23] and cloud point extraction (CPE). [24] [25] [26] Recently, coacervates made up of vesicles 27, 28 and reversed micelles of alkyl carboxylic acids 29 have been reported, which permit the extraction of analytes in a wide polarity range. The word "coacervate" is derived from the Latin "co" (together) and "acerv" (a heap). In the present study, we investigate the suitability of amphiphilebased coacervative microextraction for the separation of silver ions from water samples prior to FAAS detection. Amphiphile-based coacervates are water immiscible liquids that separate from the bulk of molecular aggregate solutions (e.g., aqueous or reverse micelles or vesicles) by the action of a dehydrating agent, namely temperature, pH, electrolyte or a non-solvent for the aggregates. 30, 31 After separation, the coacervate, a low volume phase, contains a high concentration of amphiphiles and therefore of Vol. 27, No. 11, 2016 binding sites. In consequence, high extraction efficiencies can be achieved using low coacervate volumes which results in high concentration factors. Detailed studies on coacervation process of various alkanoic acid reverse micelles in miscible binary mixtures of water and a variety of protic and aprotic solvents and their potential for the extraction have been reported by Ruiz et al. 29 This new separation/preconcentration technique has been used for the extraction of various contaminants such as bisphenols in different matrices, [31] [32] [33] [34] ochratoxin A, 35 carcinogenic polycyclic aromatic hydrocarbons 36 prior to their determination by liquid chromatography, and arsenic 37 by electrothermal atomic absorption spectrometry. To the best of our knowledge, there is no previous literature report on the use of supramolecular solvent made up of decanoic acid reversed micelles and FAAS technique for the preconcentration and determination of silver ions in real samples. Dithizone (DTZ) was used as a complexing agent and potential parameters affecting the analytical performance of the proposed method were studied and optimized in detail.
Experimental

Instrumentation
A PG-990 (PG instrument Ltd., Lutterworth, United Kingdom) atomic absorption spectrometer, equipped with deuterium background correction, silver hollow cathode lamp, and an air-acetylene flame was used for silver determination. All data was acquired with the equipment software according to peak height. The operating conditions were: wavelength 328.1 nm, spectral resolution 0.4 nm, applied lamp current 5.0 mA, air flow rate 10.0 L min -1 , and acetylene flow rate 1.2 L min -1 . A Hettich centrifuge (Model Universal 320R, Tuttlingen, Germany) was used for centrifugation. The pH values were measured with a Metrohm pH-meter (model 827, Herisau, Switzerland) supplied with a glass-combined electrode.
Reagents and solutions
All reagents used were of analytical reagent grade. Deionized water was used throughout the experiments. A stock standard solution of silver (1000.0 mg L -1 ) was prepared by dissolving appropriate amounts of silver nitrate (Merck, Darmstadt, Germany) in deionized water containing 1.0 mL concentrated nitric acid (Merck, Darmstadt, Germany) in a 100 mL volumetric flask and diluted to mark with the deionized water and stored in the dark. Working solutions were prepared daily from the stock solutions by stepwise dilution. A 0.010 mol L -1 solution of dithizone (Merck, Darmstadt, Germany) was prepared in pure acetone. Decanoic acid was purchased from Fluka (Buchs, Switzerland). All glass vessels used for trace analysis were stored in 10% nitric acid for at least 24 h and washed four times with doubly distilled water before use. Further, a binary solution containing 600 µL of ethanol and 200 µL of decanoic acid was injected into the sample solution using a syringe. Then, the mixture was gently shaken. After shaking, the solution became turbid and water immiscible coacervate made up of decanoic acid reverse micelles was formed. The extraction was accomplished in 1 min under shaking. Next, the mixture was centrifuged at 4000 rpm for 5 min to accelerate the separation of the coacervate from the bulk solution. The aqueous phase was then separated completely by a syringe. Later, the coacervate phase was dissolved and made up to 1.0 mL by adding ethanol. The resultant solution was introduced into the flame by conventional aspiration.
Results and Discussion
The influence of the composition of the coacervate and different operational parameters (e.g., pH, ligand concentration, ionic strength, extraction time, etc.) on the recovery of silver was investigated. Triplicate extraction were performed for all experiments and the average of these results was reported in figures and tables.
Effect of the coacervate composition
Coacervation was only obtained in solvents that had the ability to dissolve alkyl carboxylic acids, permitted the self-assembly of these amphiphiles, and were water miscible. 29 Therefore, in order to evaluate the influence of the coacervate composition on the extraction of silver, different composition of the binary solution of decanoic acid in tetrahydrofuran, ethanol, and acetone was investigated. The amount of decanoic acid and the type and amount of the solvent in the colloidal solution greatly influences both volume of extractant yielded and extraction efficiency. Water is only a minor component of the coacervate on account of its non-solvent characteristic for the decanoic acid reverse micelles. In order to select the solvent, a series of sample solutions were studied using 500 µL of each solvent (tetrahydrofuran, ethanol, and acetone) containing 150 µL of decanoic acid. The extraction recovery obtained for acetone, tetrahydrofuran, and ethanol were 95.2 ± 1.5, 95.5 ± 1.3 and 95.4 ± 1.6%, respectively. The results showed no statistically significant differences between the solvents. However, ethanol was selected as the solvent for subsequent experiments.
The effect of the amount of decanoic acid on the extraction recovery of silver was investigated. A series of solutions were made by dissolving different amounts of decanoic acid in 500 µL of ethanol. As can be seen in Figure 1 , the extraction efficiency enhanced with the increase in the amount of decanoic acid and reached a maximum in 150 µL of decanoic acid and then remained constant. At lower amounts of decanoic acid, the extraction efficiency of silver was low probably due to the fact that low volumes of coacervate were unable to entrap quantitatively the hydrophobic Ag-DTZ complex. Therefore, 200 µL of decanoic acid was used in further studies.
Also, the effect of the volume of ethanol on the coacervate phase formation and extraction recovery of silver was studied. The experimental conditions were fixed and included the use of different volumes of ethanol; 300, 400, 500, 600, 700, 800, 900, and 1000 µL containing 200 µL of decanoic acid. In all mixtures, the coacervate phase was formed and the solution became turbid. As can be seen in Figure 2 , maximal extraction efficiencies were obtained in the range of 500-800 µL; beyond it, recoveries progressively decreased. Below this range, only a fraction of the decanoic acid was incorporated to the coacervate and, as a result, the recovery decreased. 35 The decrease of extraction recovery at higher volumes of ethanol is probably due to the dissolution of a portion of the coacervate and Ag-DTZ complex in ethanol-water bulk solution. Therefore, 600 µL of ethanol was selected as the optimum volume.
Effect of pH
The pH, which plays a unique role in metal-chelate formation and subsequent extraction, is proven to be a main parameter for CAE. The preliminary investigation showed that the silver ion is extracted by the coacervate phase effectively in acidic media. Sulfuric acid was chosen to adjust the pH of the experimental solutions because dithizone is stable in the presence of H 2 SO 4 . It should be noted that the presence of strong oxidizing acids such as HNO 3 can decompose dithizone, and the presence of hydrochloric acid might cause the precipitation of silver. Coacervative extraction of silver was studied within the pH range of 0.5-4.0. The results show (Figure 3 ) that for pH below 1.5, recovery of silver is close to 100%. Hence, pH = 1.0 was chosen for the subsequent experiments. It should also be noted that a suitable condition for the selective extraction of a soft acid such as Ag by dithizone is attained in acidic conditions. 
Effect of dithizone concentration
To accomplish the separation of metal ions by CAE, the use of a chelating agent is usually considered. In this case, a metal-chelate with sufficient hydrophobicity can be extracted to the small volume of coacervate phase. We selected and used dithizone due to its well-known reactivity with Ag. 38 The effect of chelating reagent concentrations on the extraction recovery was investigated in the range of 1.0 × 10 
Effect of centrifugation rate and time
The effect of centrifugation rate on the extraction recovery of silver was studied in the range of 1000-6000 rpm. It was found that over 3000 rpm the coacervate phase completely separated. Therefore, the rate of 4000 rpm was selected as the optimum point. At the optimum rate, recovery of silver was investigated as a function of centrifugation time. Over 4 min, extraction recovery was constant indicating a complete transfer of coacervate phase to the above of the solution and as such, 5 min was selected as the centrifugation time.
Effect of ionic strength
For investigating the influence of ionic strength on the performance of CAE, various experiments were performed by adding different amounts of NaNO 3 (0.0-2.0 mol L -1 ). Other experimental conditions were kept constant. The results showed that within experimental error limits, ionic strength had no appreciable effect upon extraction efficiency. Therefore, this method is a powerful sample preparation technique for saline solutions.
Effect of foreign ions
To assess the possible applications of the procedure, the effect of some possible interfering substances on the quantitative analysis of silver at 100.0 µg L −1 was tested. A substance was considered as interferent if it resulted in more than 5% variation in the extraction recovery. The results showed that, in excess of 10,000-fold of Na , the ions had no significant interferences in the extraction and determination of silver. According to the results, the major ions in the real samples have no obvious influence on silver CAE under the selected conditions.
Analytical figures of merit
Under the optimum conditions, the CAE procedure was applied for the extraction and preconcentration of various standard solutions of silver and the calibration graph was linear within the range of 5-200 µg L -1 with linear regression equation as Abs. = 0.0021C -0.0032, r = 0.995, where Abs. is the absorbance intensity, C is the concentration of Ag in µg L −1 and r is the correlation coefficient. The limit of detection (LOD), defined as 3S b / m (where S b = 0.0011 and m = 0.0021 are the standard deviation of the blank and the slope of the calibration graph, respectively), was found to be 1.6 µg L -1 . The enrichment factor was found to be equal to 15. It was calculated as the ratio of silver concentration in the coacervate phase to the initial concentration in the aqueous phase. Also, the enhancement factor was 15.5. The enhancement factor was calculated as the ratio between the slopes of the calibration curves obtained with and without the preconcentration step. Repeatability was carried out by spiking blank samples at the concentration of 100.0 µg L -1 and the relative standard deviation (RSD) for ten replicate experiments was 2.4%.
Application to natural waters
The proposed method was applied to the determi nation of silver from 15 mL of different water samples. Water samples, including tap water from our lab (Behshar, Iran), river water (Sari, Iran), mineral water (Damavand company, Iran), and sea water (Caspian Sea, Iran) were collected and the coacervate extraction method was applied to extract the silver. Each water sample was filtered in order to remove any suspended material. Recovery studies were also carried out after it was spiked to samples of known concentrations of silver at levels of 50 and 100 µg L -1
. The obtained results are given in Table 1 . The recovery values calculated for the added standards ranged from 98.2 to 101.9%, thus, confirming the accuracy of the procedure and its independence from the matrix effects. These results confirm the validity of the proposed preconcentration method.
Comparing CAE with other methods
A comparison of the presented method with other reported preconcentration methods for silver determination in water samples is given in Table 2 . The presented method has low LOD, good enrichment factor and RSD and these characteristics are comparable or even better than most of the other methods in Table 2 . All these results indicate that CAE is a reproducible, simple, and low cost technique that can be used for the preconcentration of metal ions like silver from water samples.
Conclusion
In the presented research, a simple, low cost, and environment-friendly CAE technique was developed. This technique is based on the extraction of Ag-DTZ chelate by a coacervate made up of decanoic acid reverse micelles prior to the determination by FAAS. The analyte can be selectively extracted from solutions at pH 1.0 even in the presence of alkali, alkaline earth, transition, and heavy metal ions. The proposed method can be used successfully for the extraction and determination of silver from natural water samples. 
